Background. Metabolic syndrome (MetS) is a major public health problem in Sub-Saharan Africa. We systematically reviewed the literature towards estimating the prevalence of MetS among apparently "healthy" Ghanaian adults. Methods. We searched PubMed, Web of Science, Scopus, Africa Journals Online, African Index Medicus, and Google scholar as well as the websites of the Ministry of Health and Ghana Health service through September 2016. Only studies conducted among apparently "healthy" (no established disease, e.g., diabetes and hypertension) adults aged ≥ 18 years were considered. Only studies that utilised the National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP), World Health Organization (WHO), or International Diabetes Federation (IDF) classifications for MetS were included. Results. Data from nine studies involving 1,559 individuals were pooled. The prevalence of MetS based on NCEP-ATP, WHO, and IDF classifications was 12.4% (95% confidence interval [CI] = 8.3-17.4%), 6.0% (95% CI = 1.4-13.1%), and 21.2% (95% CI = 12.4-30.9), respectively. Prevalence of MetS was higher among women than men. Conclusion. Among a population of adult Ghanaians deemed "healthy," there is a high prevalence of MetS. Preventive measures are required to address the risk components of MetS such as obesity and hypertension which are rapidly rising in Ghana.
Background
Metabolic syndrome (MetS)-a cluster of conditions-that is, increased blood pressure, high blood sugar, excess body fat around the waist, and abnormal cholesterol or triglyceride levels that occur together and increase the risk of heart disease, stroke, and diabetes, is recognised to be of significant global public health importance [1, 2] . Evidence suggests that the combined effects of the individual MetS disorders raise the risk of further disease and mortality much more than the sum of the individual risk components [3] . Subsequently, persons suffering from MetS have been found to be about two times more likely to die from and three times likely to experience heart attacks or stroke compared to persons without the condition [4] . Individuals with MetS are also about five times more likely to develop type 2 diabetes [4] .
While the increased risk of type 2 diabetes and cardiovascular diseases (CVDs) consequent to MetS is widely recognised, the definition and contributions of the underlying components of MetS have been subject of debate [5] .
This has sometimes been a source of confusion for clinicians regarding how MetS should be diagnosed; estimating the true prevalence of MetS in any setting is equally a challenge [5, 6] . Since 1988 when metabolic syndrome was first described [7] , several definitional perspectives have emerged. The most widely used definitions/classification for MetS are those provided by World Health Organization (WHO) [8] , The US National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP, 2001 and 2004 revision) [9, 10] , and International Diabetes Federation (IDF) [11] (Supplemental Table S1 in Supplementary Material available online at https://doi.org/10.1155/2017/2562374).
The underlying cause of MetS is not entirely understood but insulin resistance and central obesity are considered to be major players [11, 12] . Prevalence of MetS increases along with body mass index (BMI) and age. Genetics, sedentary lifestyle, a proinflammatory state, and hormonal changes may also have a causal effect, but the individual contributions of these factors may vary widely according to ethnicity [11, 13] .
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In spite of the challenges in the determination of MetS prevalence due to the different classifications, the IDF estimates that nearly a quarter of the world's population suffers from MetS [4] . Grundy et al. [10] reports that around 20-30% of the adult population in most countries suffer from MetS. Kaur [14] on the other hand indicates that the prevalence of MetS can vary widely across countries in the range 10-84% depending on a number of factors such as ethnicity, gender, age, and race of population under consideration.
MetS is considered to be of significant public health importance in many African countries with prevalence deemed to be on the rise and more frequent in women and urban dwellers [15] . The individual risk factors of MetS have frequently been reported among Ghanaians [16] [17] [18] . Ghana is experiencing rapid epidemiological transition which has been linked to factors such as increasing sedentary lifestyle and nutrition changes as a consequence of globalization and urbanization [19, 20] . There is concern among public health practitioners that the ongoing changes in lifestyle among Ghana's population could result in an escalation of metabolic disorders [19] . However, the burden of MetS among Ghanaian adults has not been comprehensively reviewed, although such information is critical to inform clinical practice and the design of appropriate public health preventive measures.
In this study, we sought to systematically review the available evidence of MetS among apparently "healthy" Ghanaians towards providing an estimate of the prevalence. To our knowledge, this is believed to be the first published systematic review that has attempted to estimate the national prevalence of MetS in Ghana.
Methods
This systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses PRISMA guidelines [21] .
Search Strategy.
Searches for studies reporting prevalence of MetS among Ghanaians were conducted by RO in PubMed, Web of Science, Scopus, Africa Journals Online (AJOL), African Index Medicus, and Google scholar databases for entries up to 25th September 2016. The keywords used were "metabolic syndrome or dysmetabolic syndrome or syndrome X or insulin resistance syndrome or cardiovascular syndrome or cardio-metabolic syndrome" and "Ghana OR Ghanaian." We also searched the websites of the Ministry of Health (http://www.moh.gov.gh/) and the Ghana Health Service (http://www.ghanahealthservice.org/) for nonindexed studies. The online searches were supplemented by reference screening of selected publications to identify additional studies not captured through the online searches.
Studies Selection.
We included only studies published in English conducted on apparently healthy adults aged ≥ 18 years. Studies carried out on persons with known health disorders were excluded. Studies that mixed healthy adults and persons with known diseases were excluded unless separate prevalence was reported for the healthy population. For a study to be included, the prevalence of MetS should have been established based on an internationally recognised guideline/classification (WHO, IDF, etc., as indicated in Supplemental table S1 ). The quality of each study was assessed using a 12-point scoring system as adopted from the Downs and Black checklist [22] . The quality assessment focused on variables related to study objectives, characteristics of the study participants, description of inclusion/exclusion criteria, data collection methods, and appropriate data analysis techniques (e.g., whether confounders reported) and whether the discussion of the findings was appropriate and any limitations acknowledged. Individual study information and data were independently extracted by RO and AAA and crosschecked. Any discrepancies were resolved via consensus-based discussions.
Data Analysis.
Data analysis was carried out using MetaXL and Open Meta (analyst). As adopted in similar reviews [32, 33] , we conducted a meta-analysis proportion to estimate the prevalence of MetS among Ghanaians with no established disease. Individual study prevalence and pooled estimates were assessed at 95% confidence interval (CI). The level of heterogeneity was assessed based on Cohran's statistic test and degree of inconsistency ( 2 ) [34]. As we anticipated some level of heterogeneity across studies for multiple reasons we opted to use the random effect model over the fixed effect model in the analysis of pooled effects [34] . The presence of publication bias was assessed by direct observation of funnel plots and confirmed with an egger statistic test [35] . A metaregression analysis was also carried out to assess the effects of age of participants and sampling period as possible sources of heterogeneity among the study finding. Statistical significance was set at < 0.05. Figure 1 is a summary of the steps in retrieving appropriate studies for the review. Out of 197 citations retrieved from the database searches, 18 were subjected to full text analysis following removal of duplicates and exclusion of studies based on titles and abstracts. Of the 18 studies, nine (9) met the overall inclusion criteria for addition into the review ( Table 1) . The nine studies excluded at this stage were mainly because they reported MetS prevalence in a group of people with known diseases (HIV, diabetes, hypertension, etc.). The 9 selected studies [23] [24] [25] [26] [27] [28] [29] [30] [31] were published between 2011 and 2016, although the sampling occurred during 2005-2011. The nine studies altogether included a total population of 1,559 sampled across 4 regions of Ghana. Six studies were conducted in Ashanti region [23, 25, 26, 28, 30, 31] , one was conducted in Eastern region [27] , one was conducted in Greater Accra [24] , and one study involved participants sampled from two regions (Northern and Ashanti) [29] . Five studies had a crosssectional design and 4 were case-control studies. The mean age of study participants across the nine studies was within the range 30.2-54.9 years. Most (89%, = 8) of the studies were conducted among urban dwellers. Four studies adopted NCEP-ATP, WHO, and IDF criteria concurrently, three studies used only NCEP-ATP classification, one study used the NCEP-ATP along with the IDF classification, and another study adopted the WHO and NCEP-ATP classifications. Of the nine (9) studies that presented prevalence based on NCEP-ATP classification only six (6) studies [24, 25, [28] [29] [30] [31] explicitly stated that the 2001 definition had been used whereas the remaining three studies did not specify if the 2001 classification or its revised version had been adopted [23, 26, 27] . In view of this, we combined all studies that used NCEP-ATP irrespective of version. Per the quality appraisal criteria, 67% of studies included in the review were graded as of high quality and 33% were graded to be of medium quality.
Results

Studies Characteristics.
Prevalence of MetS Based on NCEP-ATP.
MetS prevalence based on NCEP-ATP classification was retrieved from 9 studies. The reported prevalence of MetS based on NCEP-ATP definition was within the range 3.75-25.6%. The pooled prevalence of MetS based on NCEP-ATP classification was estimated as 12.4% (95% CI = 8.3-17.4%, 2 = 0.86) (Figure 2 ). MetS prevalence for males based on the NCEP-ATP classification was estimated as 8.1% (3.4-14.6%, 2 = 0.87). Among females, the prevalence of MetS using the NCEP-ATP classification was 19.2% (95% CI = 12.7-26.8%, 2 = 0.82). The difference (11.2%, 95% CI = 7.7-14.7%) in prevalence of MetS among male and females based on the NCEP-ATP classification was statistically significant ( < 0.001). as 12.3% (95% CI = 7.7-17.6%). There were no statistically significant differences between MetS prevalence among males and females using the WHO criteria ( = 0.7768).
Prevalence of MetS
Assessment of Heterogeneity and Bias.
There was no evidence of publication bias as depicted by egger regression tests which were not statistically significant, NCEP-ATP III ( = 0.2193), WHO ( = 0.1512), and IDF ( = 0.4111). The results of the metaregression also did not reveal any effect of mean participant age on the prevalence of MetS ( = 0.798). However, with each year increase in sampling period, the prevalence of MetS increased by 0.022% (coefficient: 0.022, = 0.04).
Discussion
The current study aimed to systematically review the available evidence towards providing an estimate of the burden of MetS among apparently healthy adult Ghanaians. To our knowledge, this is the first systematic review that has attempted to provide an estimate of the national prevalence of MetS in Ghana.
The prevalence of MetS among Ghanaians was estimated to be in the range 6-21.2% based on three guidelines, NCEP-ATP, WHO, and IDF. The mean prevalence of MetS among adult Ghanaians is low when compared to estimates for other countries such as Iran (37.7%) [32] , US (33%) [36] , Australia (22.0%) [37] , and Brazil (29.6%) [38] and across multiple countries in central America (30.3%) [39] . Nonetheless, comparison of the MetS prevalence across countries should be made with some caution as the condition is known to increase with age and as such countries experiencing an ageing population are likely to have higher prevalence [5] . For countries with demographic profile similar to Ghana, Oguoma et al. [40] reported a higher mean prevalence (29.2%) of MetS among Nigerians. However, their analysis included persons with established diseases like type 2 diabetes which may have contributed to the higher prevalence.
Prevalence of MetS among Ghanaians was highest with the use of the IDF classification (21.2%), followed by the NCEP-ATP guideline (12.6%) and the lowest prevalence reported with the WHO definition (6.2%). In a similar systematic review conducted among South Asians, Aryal and Wasti [41] found highest prevalence of MetS using IDF definition compared to NCEP-ATP and WHO classifications. There are at times wide discrepancies in MetS prevalence based on the guideline adopted. For instance, in the study by Turpin et al. [31] , none (0%) of the participants was deemed to have MetS when the WHO definition was used, although 10% were diagnosed to have MetS per the NCEP-ATP classification. Similarly, Gyakobo et al. found an over 2-fold increase in MetS prevalence when the IDF definition was applied as opposed to the NCEP-ATP classification [27] . Obviously, the existence of multiple classifications makes precise estimation of MetS prevalence a difficult task. As expected, many researchers have called for a standardized International Journal of Chronic Diseases international definition accepted by all to allow for consistency in estimation of the burden of MetS and to minimise the confusion among clinical practitioners [5, 40, 42] .
The 2001 NCEP-ATP definition was revised in 2004 by lowering the thresholds for central obesity and fasting glucose as well as including patients being treated for dyslipidemia, hyperglycemia, or systemic hypertension [10] . However, the majority of studies that used the NCEP-ATP guidelines resorted to the 2001 classification. Of note a systematic review and meta-analysis by Mottillo et al. [43] that compared estimates of CVD risk associated with the metabolic syndrome using both the NCEP and revised NCEP (rNCEP) definitions in the general population and among patients without type 2 diabetes mellitus concluded that little variation exists in risk between the NCEP and rNCEP definitions of the metabolic syndrome.
Among the available classifications, it appears that the NCEP-ATP guideline is the most frequently used among Ghanaian researchers, although how this translates into clinical practice is not known. The frequent use of the NCEP-ATP guideline may be as a result of its relative simplicity. Within other countries such as Australia with advanced health systems, Cameron et al. found that the WHO definition was not practical for clinical use as compared to other definitions and suggested that the IDF definition may be better suited for CVD prevention in their country [37] . Further research will however need to focus on assessing the efficiency of the different classifications within the Ghanaian health system context.
Only one study by Gyakobo et al. was conducted among Ghanaian rural dwellers and this reported a very high prevalence of MetS [35.9% (IDF) and 15.0% (NCEP-ATP)] [27] . Earlier studies in other West African countries found much lower prevalence of MetS in rural settings [44, 45] . Although high prevalence of MetS and its associated noncommunicable diseases (NCDs) are usually blamed on Western diets, Gyakobo et al. argue that the high prevalence recorded in their study could not be easily attributed to a presumed westernization of diet and lifestyle, as these data emerged from a rural, agrarian community with traditional reliance on home-cooked foods, and a high burden of physical labour [27] . Preventive measures must therefore target both urban and rural dwellers focusing on the appropriate risk factors within these settings which are likely to vary.
As in previous reviews [32, 39, 41, 46] , we observed a higher prevalence of MetS among females compared with males. Gyakobo et al. reported almost four times higher prevalence of MetS in Ghanaian females than males [27] . The authors guessed that the difference was due to the significant and higher prevalence of overweight and obesity among females (55.0%) than males (29.0%) study participants [27] . Even among women, it has been previously reported that the prevalence of MetS varies and depends on the characteristics of the population as well as the diagnostic criteria applied. Arthur [47] . Just as in other gendered health conditions, preventive efforts will need to identify sociodemographic and environmental correlates particularly those influencing women.
Prominent among suggested interventions to address MetS is lifestyle modification. A systematic review and metaanalysis published in 2012 by Yamaoka and Tango concluded that such interventions were effective in resolving MetS and reducing the severity of related abnormalities (fasting blood glucose, waist circumference, SBP and DBP, and triglycerides) in subjects with MetS [48] .
Given the established association between MetS and increased risk of developing CVD [49] , the findings from the current review have both clinical and public health implications. While NCDs are currently equally prevalent in developed and developing countries, their impact is far more devastating in developing countries [50] . A 2002 WHO report identified CVDs as accounting for 9.2% of total deaths in the African region in 2001, and it is estimated that by the year 2020 the number of deaths in Africa due to NCDs in general will exceed that due to communicable diseases [51] . This looming epidemic is enough reason for the early institution of appropriate interventions to reduce the risk factors for CVD, including that related to MetS [24] . In Ghana, and in other countries in the subregion, the prevalence of hypertension [16] , diabetes mellitus [52] , hyperlipidemia, and obesity [17, 53] , which are individual components of MetS, is on the increase. To curtail the rising trend, primary prevention strategies that focus on reducing absolute CVD risk through a comprehensive risk assessment and management approach should be adopted rather than focusing on addressing isolated individual risk factors [54] .
Our systematic review makes a unique contribution to knowledge regarding the burden of MetS in apparently healthy individuals. Previous studies and reviews have dwelled predominantly on persons with NCDs and other ailments. To our knowledge, this is the first systematic review and meta-analysis of studies on the subject of MetS in Ghana. The strengths of our study include the absence of publication bias and the fact that all included studies were conducted over the last decade. The MetS prevalence presented should serve as a useful starting point for understanding the burden of MetS in Ghana and for informing future research directions, design of preventive measures, and resource allocation and planning.
The following limitations of the study are worth noting. This analysis was confined to English-language articles, which could also introduce some bias as Moher et al. found language-restricted meta-analyses to overestimate treatment effect by only 2% on average compared with languageinclusive meta-analyses [21] . Considering that English is the official language of Ghana, we expect this to have a minimal effect. The studies included in this review involved participants sampled across 4 of the 10 regions of Ghana and hence the MetS prevalence estimate presented is likely to shift when more information from the other regions become available. We included only population-based studies conducted in apparently healthy adults aged ≥ 18 years;
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Conclusion
Among a population of adult Ghanaians deemed to be "healthy," there is a high prevalence of MetS. Nonetheless, the existence of multiple classifications makes precise estimation of MetS prevalence a difficult task. The efficiency of the various guidelines needs to be assessed within the Ghanaian context and efforts must be made towards defining a standard criteria for the local population. Preventive measures are required to address the risk components of MetS such as obesity and hypertension which are rapidly rising in Ghana.
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